A common challenge in teaching sustainable design is the need to incorporate knowledge and skills from multiple areas of expertise. This paper describes an approach taken to meet this challenge with a collaborative learning experience that combines students from two institutions. Students from CVEEN 6460 Sustainable Urban Water Engineering at the University of Utah were teamed with students from CIVE 6670/8670 Life Cycle Engineering at the University of Toledo in a semester project experience. The design project required the students to complete the design of a rainwater harvesting project, servicing an institutional building, based on technical, economic, environmental, and social performance criteria. The project was setup to include seven deliverables, each of which included a report submission and a team presentation update at both institutions. Each deliverable encouraged collaborative learning since student teams were required to make a presentation at each institution; therefore, teammates had to help teach across institutions to cover the content of the projects not taught in their respective courses. Student performance was assessed based on the quality of each deliverable, instructor reflection, an opinion survey, and a post-course assessment of student learning. The authors conclude the paper with a discussion of the perceived benefits of the CICL approach and provide suggestions for future implementation.
Introduction
Educators have been grappling with the challenges of integrating sustainability concepts and skills into engineering education 1, 2 . Many reasons for the lack of progress have been offered, including institutional barriers preventing interdisciplinary courses, an already full curriculum, resistance to curriculum change, and lack of knowledge of social sciences and other disciplines among engineering faculty and students. To overcome these challenges, a variety of approaches have been designed to infuse sustainability concepts and techniques into engineering courses and curricula [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] . These ideas include actions such as modifying learning objectives to include sustainability perspectives, incorporating sustainability knowledge and skills into learning activities, exposing students to sustainability ideas using co-curricular experiences, and creating new learning modules and even entire courses.
One general problem that has been difficult to overcome in developing new sustainabilityenriched engineering education material is the need for knowledge and skills from multiple disciplines to be incorporated into learning experiences. This creates limitations to what instructors can accomplish with students lacking the necessary knowledge and skills unless there are added requirements for pre-requisite coursework, additional time taken in class to teach extra material, or extra assignments for students to learn the material independently. Each of these solutions means the course must be modified to reduce content or increase time and effort of students to enable new content to be included. In most cases this is a major impediment and one that prevents instructors from moving forward with plans for anything more than superficial coverage of sustainability concepts.
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The team project assigned to students in both classes is included in Appendix I of this paper. The project had seven deliverables as summarized in Figure 1 . The objective of the collaborative project was to design a rainwater harvesting system for an institutional building on the University of Utah campus. Thus, the case study location is local to one institution and can be subject to site visits, actual data, and coordination with facilities personnel. Deliverable 1 focused on introducing students to the concept of rainwater harvesting and provided the students the opportunity to establish methods for cross institutional collaboration using online tools (e.g. Skype, email, Dropbox). Deliverables 2 and 3 focused on infrastructure design and were led by students in CVEEN 6460. Deliverable 4 encompassed concepts discussed in both classes and were equally led by students in both institutions. Deliverables 5 and 6 focused on sustainability analysis and were led by students in CIVE 6670/8670. For each deliverable, all teams in both institutions had to do a short progress presentation in class which ensured that even if a lead institution did most of the work, the students in the other institution still needed to understand the work well enough to intelligently present it in their classes. These progress presentations also encouraged students to teach each other the concepts not discussed in their own classes. For example, students from University of Toledo had to teach some basic concepts of LCA to students at University of Utah, which overcame the lack of instruction on LCA at University of Utah. Similarly, the students at University of Utah had to teach the basic concepts of urban watershed modeling and water budget analysis to students at University of Toledo. Deliverable 7 was equally led by each institution and the students were asked to identify who wrote which section of the report. Skype was used during oral presentations of the final project where each team member presented the slides related to their own specific work. As such, some slides were presented by students in Utah and others by students in Toledo.
A unique aspect of this project assignment design was to require students to plan their online collaboration approach, to comment on it in the deliverable reports and presentations, and to continuously seek to improve the collaboration through online interaction. It is important to note that there is no organized cross-institution instruction or student-instructor interaction. The crossinstitution interaction is entirely among students. Students were permitted to ask questions to the instructor at the other institution whenever they needed help, but formal instruction was not provided. Semi-formal instruction among the students was permitted and was noted to have occurred.
Teams were selected based on general student characteristics (gender, duration in program, degree level) using instructor discretion. The teams were designed to include representation from both institutions and to include at least one PhD student per team. Teams were monitored throughout the semester to ensure team dynamics remained positive and constructive. No on course corrections were needed, the teams operated effectively. 
Assessment
The authors assessed the effectiveness of the CICL approach for improving (1) student engagement, (2) accountability, and (3) learning. It was believed that the key to improving the success of this cross-institution project was the requirement that teams deliver presentations at both institutions for each collaborative assignment (see Appendix I). The teams would divide by institution to deliver each presentation because the courses did not meet at the same time. Therefore, team members were responsible to deliver presentations on content they were not taught in their home institution course, but were expected to know through interaction with team members at the other institution. Students were guided by the expectation that they should be able to explain the concepts and tasks that were the primary responsibility of students at the other institution. Students were expected to achieve the comprehension level in Bloom's taxonomy, and this was used to help guide how much cross-institution peer teaching was required.
To conduct the assessment, feedback was collected using a survey administered at the end of the semester. Five statements were provided and students ranked their relative agreement to the answers according to a Likert scale (Strongly Agree to Strongly Disagree). The five questions were:
1. The collaborative project helped me learn the content of my institution's course better. 2. The collaborative project helped me learn the content of the other institution's course. 3. The outcome of the project was negatively impacted because we could not meet as an 4 . As a result of the cross-institution interaction, I learned enough about the other institution's subject matter to effectively explain it. 5. I found the cross-institution interaction valuable to help me improve my social network and professional socializing skills.
Students were also asked to provide a list of the communication skills and tools used, the most valuable part of the project, the least valuable part of the project, the most frustrating part, and the most important concept or skill learned. A final question asked the students to suggest something to do differently the next time the cross-institution project was conducted.
A post-course questionnaire (see Appendix II) was administered one month after the course concluded to determine student learning of LCA basics. LCA basics were chosen because they were an integral part of the project and they were only taught in the class at the University of Toledo. Therefore, only students at the University of Utah were given the questionnaire.
To add to the assessment, the authors (instructors) reviewed the team project deliverables, and especially monitored the oral presentation deliverables. The authors noted the general quality of the deliverables and achievement of the learning outcomes associated with the project. The instructors also recorded observations of student engagement and interaction during the project and considered feedback from the students acquired through informal discussions about the project. And because the teams had to deliver content not included in their course in their presentations, the instructors could monitor cross institution student learning driven by the CICL activity.
Results
The survey and post-course questionnaire were administered one month after the end of the course to permit students to reflect on the entirety of the CICL activity and to better assess the deeper learning of the concepts. Twelve of the 16 students at the University of Utah provided responses. Figure 2 displays the average of the results of the student responses to the survey's five statements listed at the top of this page. The student response to the first statement indicates students generally agreed that the collaborative project helped them learn the content of their institution better. Student comments indicated that they comprehended the concepts better from helping other institution's students with the same concepts. Students in general agreed or were neutral that the collaborative project helped them learn the content of the other institution's course. Although not directly compared, the student responses on the first two questions suggest their feeling was that they learned their material better by explaining it to the other institution's students than they learned the other institution's materials from having it explained to them. The responses to question 3 indicate that students did not find the lack of meeting in person as a team to have affected the outcome of the project. This is an interesting outcome of this project that shows that the students were effective in using online tools to collaborate across campuses. The responses to the fourth statement corroborated the responses to statement 2, indicating that students generally found the cross institution interaction to be helpful to learn the material. Page 26.427.9
Interestingly, the most strongly agreed statement was the one that indicated social networking and professional socializing skills improved through the cross-institution interaction. This was unexpected because no team building activities were programmed into the course. The survey also acquired student feedback about the collaborative tools used to conduct the project. The authors expected students to have experience with online communication and collaboration tools. The survey responses indicated this was the case. No instruction or guidance was provided, other than the requirement that teams provide a communication plan at the onset of the project. In the survey, students reported using GoogleDrive, Skype, Email, Dropbox, Conference Calls, and Text Messaging to communicate during the project coordination and tasks.
Important feedback from the survey instrument regarded the value of the project from the students' perspective. The following list highlights the important benefits noted by the students in their comments:
 Students were positive on the long-distance collaboration because the experience will help as it is becoming more prevalent in professional practice Page 26.427.10  Students valued the experience to operate similar to a project manager with specialized tasks being completed by members of the team  Students enjoyed working across disciplines in graduate school, since typically they do not get exposed to students in other engineering disciplines at the graduate level
It is interesting to note that the least useful aspects of the cross-institution collaboration match the usual feedback about class projects -disappointed in quality of work submitted by team members, inability to meet consistently, and disagreement over value of written and oral reporting.
The teams submitted a final project report and presented their results in a final webinar using a Skype video call that was established between University of Utah and University of Toledo classes. The teams coordinated the presentation such that they could each present the parts of the project that they were responsible for completing. The quality of the final document and presentations were excellent. Following a rubric for the reports and presentations, each team was rated as receiving above 90% of the possible points on each of the deliverables. The quality of the presentation was noteworthy because of the cross-institution delivery. It was clear that the teams had practiced and were familiar with the content of the students from the other institution. The presentation practices are assumed to have helped further reinforce the cross-institution learning facilitated by the team project.
A general questionnaire was administered to the students at the University of Toledo asking them to provide a rating and feedback on all learning activities and aspects of CIVE 6670/8670. Highlighting a few responses, the students mentioned multiple times that the best part of the class was the team project, with comments indicating it was because they learned the most from the activity and it improved their communication and collaboration skills. The student feedback was unanimous to keep the project as part of the course, and the majority requested to increase its role.
The post-course questionnaire was the second instrument used in the assessment (see Appendix II). The results of University of Utah student knowledge gained and retained for one month after the course was fairly impressive. Unfortunately, the results cannot be compared to a pre-class questionnaire since at the time of the start of the course a study of effectiveness of the CICL activity was not anticipated; therefore, a pre-course questionnaire was not administered. The average student score on the questionnaire was 83% (approximately 9 out of 11 questions answered correctly). The most commonly missed question was number 8 (see Appendix II), which was a detailed question about LCA. Recall that LCA was not covered in the University of Utah course. The poor performance on this question is not surprising since it requires greater depth of detail of LCA to be comprehended and recalled.
Instructors' Reflections
Both instructors have been very satisfied with the CICL approach tested in their respective classes. In general, assigning projects in classes add considerable amount of planning and time management skills to both the students and the instructors. The instructors spent considerable amount of time designing the project assignment upfront which minimized the planning and other interactions between the instructors throughout the semester. From students' perspective, Page 26.427.11
the cross institution collaboration increased student time commitment. Many students informally noted that the project took a lot of time to coordinate across institutions. This time invested from students' perspective seemed valuable by some but not by others who noted that a smaller less involved project would have served them better in learning more content. In future implementations, instructors plan to spend more time explaining the nature of the project and the skills they learn from working on it that go beyond learning content.
Another challenge from the instructors' perspective is to make sure that the project is equally weighted and valued in both courses. The weight assigned to the project and the grading of the project was the same in both courses. However, in some cases, one course would have another project going on which suggested to students in the other class that the common project was not a priority. One way to resolve such issues is to create a system that allows the student in one course to more transparently see what is happening in the other course. One challenging way to facilitate this would be to allow students to use the other institution's online learning system (e.g. Blackboard course site). The instructors initially considered this approach and quickly realized the logistical challenges with it. The instructors will be considering other ways for students to more effectively see what is happening in the other course so as to help them maximize their learning and perhaps extend it to beyond the project focus.
Conclusion
This paper presented a new cross-institution collaborative learning project developed between the University of Utah and the University of Toledo. The CICL learning activity was designed to require students to complete a team design project that included design and analysis steps, with some elements being taught only at one institution. In this way, students were encouraged to interact and help each other achieve Remember and Comprehend levels of Bloom's Taxonomy for the information they learned from the students at the other institution. The courses linked by the CICL were offered in the fall 2014 semester and had 25 total graduate students enrolled.
The assessment indicated that in general, students were positive about the cross-institution interaction, but they did note it to be a source of frustration and lost time. Students displayed on a post-course questionnaire knowledge and comprehension of key concepts associated with the project and not covered in their course. This suggested that the cross-institution peer teaching and independent learning facilitated by the project was effective.
Upon reflection, the instructors concluded the first trial of the CICL team project to be a success.
The most important lesson learned was the need to be highly coordinated as instructors and be ahead of schedule to make sure on course corrections could be executed. Reflections also noted students to have been enthusiastic about the project and interested in the topics being covered at the other institution that they were not learning. Genuine friendships across institutions also developed through the course interactions. Several areas were noted to be in need of improvement. Recommendations for future offerings included coordinating time so synchronous interaction during class can be scheduled. The assignment will still stress institutional updates to encourage cross-institution training, but having a fraction (2 or 3 of the 7 deliverables) of the presentations be made by the entire cross-institution team would lead to more practice with cross-institution presentation and use of online collaboration tools. Other recommendations include (1) providing training on collaborative tools and collaboration across distances, (2) Page 26.427.12
having substantive objectives and rubric elements associated with collaboration, and (3) having cross-institution instruction from the instructors to provide foundational content.
